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NAGT Crustal Evolution Education Proiecf

.

Welicome to the exciting world of current research
into the composition. history and processes of the
garth s crust and the application of this knowledge
to man s activities The earth sciences are
currently experiencing a dramatic revolation in
our understanding of the way in which the earth
works CEEP modules are designed to bring into
the classroom the methods and results of these
continuing investigations The Crustal Evolution
Education Project began work in 1974 under
the auspices of the Natidnal Association of
Geology Teachers CEEP materials have been
developed by teams of science educators,
classroom teachers, and scientists Prior to
publication the materials were field tested by
more than 200 teachers and over 12,000 students
Current crustal evolution research is a breaking
story that students are hiving through today

Y

About CEEP Modules...

Most CEEP modules consist of two bookiets a
Teacher's Guide and a Student Invesfjgation The
Teacher's Guide contains ail the infdrmation
and iltustrations in the Student Investigation,
plus sections printed in color, intended only for the
teacher as well as answers to the questions that
are included in the Student Investigation
In some modules there are illustrations that
appear only in the Teacher s Guide, and these are
designated. by figure letters instead of the number
sequence used in the Student Investigation

For some modules maps, rulérs and other
_common ¢lassroom materials are needed. and n

i

Tne materd] was prepared with the
sunnars of National Science Foundation
Gra~* Nids SED 75 20151 SED 77-08539
ard SED 78 25104 However any opinions
tindings conalugions of recommendations
axpressed Parewt are thnse of the author(s:
and 40 not necessarily reflect the views
of NSF

‘ ‘e
In arder to comply with U.S Public Law
94 86 every schnoi district inthe US A J—
J45ing these matenals agrees 10 make
them ayadante for inspection by parents or
quardians of children engaged in
ed s atinral programs or projects of the

schanl dgtnct .
* * 1

Edward C. Stoever Jr., Project Director

Teachers and students alike have a unique
opportunity through CEEP modules to share in the,
unfolding of these educationally important and
exciting advances CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepts which are
at or close to the frontiers of scientific inquiry into
plate tectonics Furthermore, the {CEEP modules
are désigned to be used by teachers with httle or
no previous background in the modern theories
of sea-floor spreading, continental drift and plate
tectonics

We know that you wili enjoy usmg CEEP
modules In your classroom Read”on and be
prepared to experience a renewed enthusiasm for
teaching as you learn more about the lving earth
in this and other CEEP modules

\

> >

varying quantities according to the methdd of
presentation Read over the module before
scheduling its use In class and refer to the list of,
MATERIALS tn the module

Each module is individual and self-contained in
content, but some are divided into two or more
parts for convenienke The recommended length
of time for each module is indicated Some modules
require prerequnsute knowledge of some aspects
of basic earth science, this is noted in the
Teacher's Guide '
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Measuring Continental Drift:
The Laser Ranging. Expenment | SN

INTRODUCTION st ety et eI
This activity deals with a very complex Scientists are Interested i knowing how far
. experiment. jmagine trying to measure a change they can see on the earth’s curved surface The
“in distance of 1 cm between two points several reason scientists want to see a long way is
thousand kilometers'apart. Consider for a moment because they want to measure the d:sta‘nce
some of the reasons for doing this experiment. between fixed points on two or more continents
Continental drift has never been directly If they can measure this distance accurately, they
measured. All such motions have beert inferred . will be able to answer questions like these’
from scientific evidence. So, a direct measurement 1. Are the crustal plates.moving? How fast are
would be a clinching point to settle the argument they moving? In what direction are they moving?
between Wrifters” and “nondrifters™. . @. Are the motions of the plates constant?
The experiment is designed to answer #uch . Do the plates stretch?
questions as: 1) Are the crustal plates moving?, 4. Does a whole plate move as one piece?

2) How fast are the plates moving?, 3) In what
direction is motion taking place?, 4) Are the
motions of the plates constant?, 5) Do the plates
stretch?, 6) Does an entire plate move as a unit?
and 7) How is the earth’s rotation. linked to

plate motions? : ™

Scientists have not answered these questions
yet, but they are trying. It 1s not easy to measure
slow movements accurately—just centimeters
per year—between continents

«

Clearly, the answers to'these questions will - .
make major contributions to the new theories of =
global tectomcs !

P R ER E Q U ls I TE STU D E NT BAC K G R 0 U N D o T’ia B e sl :-;; n T At ,—'-':::, o o7 et e

Students should kn0w how to yse the Pythagorean
Theorem. They should know how to measure

" with a meter stick and plot points on a graph. o )
OBJECT‘VES e SR B o e ST R = e oo et o g -
After you tiave completed this activity, you . 4. Discuss what happens to the distance between
should be ablé to ‘ . a point on the earth and a point en the moon,
1. Calculate how far on the earth you caq see .. nterms of the earth’s rotation
from a mountaintop . : 5. Graph data on a gnid'and draw a curve to
2. Explain what 1§ meant by the phrase It the data. '
“line-of-sight.” o 6. Explain‘how scientists might accurately
"3. Explain how the curvature of the earth affects _measure the distance between two points

how farwe can see along fhe earth’s surface. - lacated on different crustal plates
. @
MATERIALS st

Masklng tape
Meter stick—one for each group of students . LI .
" String . : ’ . -

Figure 2 in PAB'!' B can be constructed out bf .
cardboard or heavy construction paper, but it is . % . N
suggested that it be marked onrthe floor with 4 : ’ -
masking tape.-Use the dimensions showntin T

Figure 2. Take seven pieces of string and stretch - ’ g
them from point Y on the moon to points A,- . .
B,C,D,EF and G on the circle. The strings will - '
help the students to measure in a straight line. . .t ’ '
The strings_should be between 2.and 3m Iong .



BACKGROUND INFORMATION mm=

\
Scientists are dgisiné instruments that can be
placed almost ahywhere on earth and then
establish the precise location of that spot on the
’ eartr_l:‘ The instrument shoots a laser beam at
the nvoon. The beam Is reflected from a reflector
placed on the moon by the astronauts.

Since the astronomers know preciselygwhere

the moon is located at all times, they can use the
computer to solve frorp 30 to 40 simultaneous
equations necessary to locate the laser instrum‘fent

on the earth. These.equations include the variables

that astronomers use to determine the precise
_position of the instrument. Some of these

instruments are mobile and can be- placed at
. many different locations on the earth.

servations from
these same points during th&next ten or more '
years. Changes of distance between any two polnts
will be measured, and the rate and direction of
movements can be established. .

Astronomers will make man

This complex problem involves a rbtating

earth and a moving moon. However, the moon'’s
position is known mathematically and is con- "
sidered as being fixed at the moment the moon

is on the earth's meridian passing through the
observing site. Similarly, in'the activity the moon
is thought of as being fixed and the earth’s turging
is thq only variable being observed.

S U G G ES T E D AP pR O AC H oo B R

Students can work individually or in small groups.
The mathematics in PART A should be
checked periodically. :

{
PROCFDURE e

PART A How far on the earthhycan we see from
a mountaintop”?

Students use thePythagorean Theorem to find
distances.

Key words: right triangle, line-of-sight

Time required: dne 45-minute period

Materials. ‘none PL
The Greek mathematician Pythagorgs (6th

Century B.C), worked out a formula for finding
the length of the sides of all nght triangles. (A
right triangle is one that has one angle of 80°.)
Every right tnangle has two sides shorter than the
thirgd. Pythagoras said to take each short side,
multiply 1t by itself, and add these two’ products
éogether. The answer will equal the longest
ide multiplied by itselif.

Le#s apply Pythagoras’ idea to our problem with

the mountain. Look at Figure 1. Find right triangle
AUT. Its sides are AT, AU and UT. |
1. When you stand on the surface of the earth,
you are 6400 km from the center of the earth.-How
far are you from the center of the earth if you
stand on a mountaintop that is 2 km above the
surface? 6402 km. Thisis side AT of the
triangle AUT. :
2., The other stdes of the triangle are AU and UT.
AUjs 6400 km long.
You now want to find out how long UT is.Here
is how you do it

* 3. First multiply the length of side AT by itself.
Your answer is 40,985,604 sq km.
4. Second, multiply the length of side AU by itself.
Your answer is 40,960,000 sq k.

Q

~

L)

Al

6400 km

6‘,,00*
™

Figure 1,




5, Now subtract these two numbers. Your answer _

1s 25,604 sqkm

6. Side UT has a length equal to the square root of
your answer to question 5. Side UT equals )
160 km. (Round off this number to the nearest
ones place ) This is the answer to the first question
in PART A Y
7. XT is twice the length of side UT. Therefore,
the length of XT1s _320 km. This ndmber 1s the "
distance batwgen two mountain$ that are 2 km
high, tf you could stand on top of one and just
barely see the other over the curvature of the
earth The line XT, along which you can see, is

P R O C E D U R E T T e T et

PART B. How can you tell when the moon and
a point on the earth a@_closest together?
Students make measurements using meter sticks
and plot the data on a graph.

Key words: none ] N '

Time required: one 45-minute pyeriod

Matenals. meter sticks

Start by measuring somethgig. you €an touch

and see In or near your classroom, your teacher
has'made a'modgl that looks like Figure 2

s

called your line-of-sight. Finding a high place from
which to onerVe makes your line-of-sight longer.
No mountains on earth are high enough to enable
you to see a place which is several thousand
kilometers away Therefore, you.cannot measure

distances dcross continental platés, or plate &

movements, from a mbuntaintpp. You must find
some new way to make measurements over very .
long distances. This new way uses points on

the earth and some other place .

8. List some places from which you might ,
take measurements.

The moon, satellites, and other pla}’mets.

Y represents the moon and the letters A, B, C,

D, E, F and G are positions on the rotating earth
Notice the arrows on the arc The arrows indicate
the direction that the earth 1s turning-

1. Using the meter stick, measure the distance
along each string from your point on the arc

to point Y Record your results below.

»

A-Y B-y | C-¥ D-Y E-Y F-Y | G-Y
Distance [
{meters)

>

. s
Eartn’s surface
Figure 2. Eanh-moo%model.

3 (2
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2. Plot the data you collected in question 1 on the
"graph below.
a .
o <« -
»
. .
72 Y
3
3 |- -
3
o
o
c
& .
g “1 *
L
, .
0
AY  BY CY DY F-Y  G-Y

E-Y

3. When you moved from A to D, did you move
toward or away from Y (the moon)? Toward
Going from D to G did you move toward or away
from the moon? Away

4. Look at your graph. Estimate fhe distance
to Y if you are located between B and C

m . ' .

The answer obtained by the students will depend
on the size of the construction of Figure 2.

5. Now try to draw a reasonable line through the
points on your graph Y®u can see that the line 1s
curved What besf\explains why the line is curved?

You were mqving-gn a curve in going from_ *
A to G and pbint Y is fixed: . -

S

Think about the earth and the moon. The earth
rotates, so a fixed point on the earth moves
beneath the moon. [The moon does move sjgwly,
but at this moment consider 1t fixed just as Y (thé
moon) was fixed ] One moment you are at A
relative to the moon, the next magment at D+ -and
third moment at G. How can you tell when the -
moon an¢-3 point on the earth are-closest
together?

.

]

in Table 1 you have been given data to plot
on a graph. Leok over this table. This data is an

example of the distances to the moon which would -

be measured by a laser ranging station located

on the equator in South America. Notice that the.

earth-moon relationship in Figure 3 is similar to
swhat you measured earlier.

"+ TIME

surface to the moon measured by laser ranging

DISTANCE (km)

6. a.m. 384,000

7 an. N 382,344

~ .8 am. ~ 380,800

' 9 a.m. 379,475

10 h.m. 378,458

11 a.m. , 377,818

- 12 am. . 377,600

T 1 p.m. 377,818
"2pm.c 378,458 *

" 3 p.m. " 379,475

4 p.m. 380,800

5 p.m 382,344

' 6 p.m. " »~ 384,000

Table 1 Distance from a point on the‘earth's

equipment at a ?outh Amerlcan laser ranging

station_

Moon

v

<4

1

C \ Mendlan:
/

Earth rotating

Figure 3. The sketch shows how the point
rotates beneath the modn.

7
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6. Plot the data from &able 1 on the graph above 8. Suppose that astronomers continue to make
Note that a particular point on the earth’s surfdce, this same measurement for ten years. Suppos)

the center of the earth, and the moon e on a ’ that by ten years later, the time difference between

straight fine only a;,f)ne particular time during the + when the mogn 1s on the mendian at-the two

day At that time, thls point 1s closer to the moon jocations has become .001 second fonger than
than it 1s at any other time’ four hours The equipment is operating perféctly,

what could account for that difference?

7.- On a Pacific 1sland, on the equator, another

class of students 1s doing the same activity. The The two points havg drifted apad.

moon passes their meridian exactly four hours 9. How far does a point on the earth’s surface
fater Plot the curve of their observations on your move in 001 second?

graph in question 6 (Plot the same clrve, but Distance = rate x time

everything should be moved to the right 4 hours.) Rate = 1700 km/hr or.about 500 m/sec

Distance = 500 m/sec x 001 sec =

Look at Figure 3 Notice the points when the moon
.5 mor 50 cmin 10 years,

1s on the mendian. In South America the dme was ‘
12 noon, on a Pacific 1sland the time was 4 hours _5 cmnone year

later. How far 1s the South American station This 1s about as fast gs your tognails grow.

from the Pacific island? To answer this question Do continents drift apart at that rate?

we need to know how far a point on the equator Geologistgsuspect so but they don't know for sure.
rotates in one hour Astronomers tell us this 1S That's why they are trying the laser ranging

about 1700 k. So the distance from the South experment
American’station to the Pacific 1sland station .
15 1700 x 4 = 6800 km. " . ’ F-¢

3. If we know the time when the moon is on‘ the
meridian at two locations on the same parallel,
what can we find?
We can find the distance between the station®.

_4. The moon is on the meridian at an observatofy.

13Explain why geologists cannot measure the

great distance away Is hidden behind the curve.

We cannot see through the earth, in the Hawanan Islands at 12:00 noon. It is on the
2. When a point on the earth is closest to the mendian at an observatory in Hong Kong at 600
moon, the moon is on the _meridian. p.m Ten years later the time difference 1s .001

= , second shorter. What do you think is happening? | .

The two locations are moving toward each other.

»

REFERENCES mrzsscme o : N T et , -
- Science News, 1974, Tracking the restiess crust: Sullivan, W., 1974, Continents in motion. New
~ astronomital interferometric earth survaying. York, McGraw-Hill Publishing Company, 399 p.
(- v. 106, no. 8 and 9 (Aug. 24 and 31), p. 136-137. : . > ‘
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order. Each Modute 1s designed for use in * Continents And Ocean Basins:
the number of class periods indicated For /
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/k‘,uggested sequences of CEEP Modules to * Crustal Movement: A Major Force 2 34 W 1203
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In Evolution

.43 . 34 W 1202

L]

publications in other than the English
language. apply 1o the copyright owner o?
pubtlisher

N

e Why Does Sea Level Change? %,

of CEEP Modules to standard earth science e Deep Sea Trenches And Radloactive 1 34 W 1204
textbooks, consult Ward's descriptive - Waste
(iterature on CEEP. The Catalog Numbers o
shown here refer to the GLASS PACK Dréflt;rl\ggContlrjents And Magnetic 2 34 W 1205
of each Module consisting of a Teacher's o
Guide and 30 copies of the Student ‘ : ’D’,','ﬂ,';ﬂ Continents And Wandering 4. 34 W28
investi§gtion See Ward's descriptive R e Earthquakes And Plate B | 34 W 1207
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- Puzzle .
¢ Introduction To Lithospheric 1 34 W 1216
Plate Boundarles
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. ¢ ¢ Locating Active Plate Boundarles 1 34 W 1248
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: Sea-floor Spreading
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) Predictions
, v * Plottiny The Shape Of The Ocean 1 34 W 1223
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¢ Spreading Sea Floors And Fractured 1 34 W 1225
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- Scientists have not answered the§e duestnons

7 NAME - " DATE
CRUSTAL o '
EVOLUTION Student Investigation . ‘
PROJECT Catalog No 34w1119 o ,

N

Measuring Continental
. ' Drift: Thelaser .
- Ranging Experiment o ‘

INTRODUCTION ==

Sc:entssts are interested in knowing how far g
they can see on‘the earth’s curved surface. The
reason scientists want to see a long way is ¢
because they want to measure the distance .
between fixed points on two or more continents :
If they can measure this distance accurately, they

will be able to answer questions-like these. - -

1. Are the crustal plates moving? How fast are . . "
they moving? In what direction are they moving?

2. Are the motions of the plates constant? ‘ : - .
3. Do the plates stretch? o ?
4. Does a whole plate move as one piece?

yet, but they are trying. It is not easy to measure ,
slow movements accurately—justcentimeters
per year—between continents .

OBJECTIVES =
After you have completed this actlw'ty. you 4. Discuss what happens to the distance between
should be able to. a point on the earth and a poirit on the moon,
1. Calculate how far on the earth you can see in terms of the easth’s rotation.
from a mountdintop. | R 5. Graph data n a grid and draw a curve t0
2. Explain what 1s meant by thephrase . ¢ fitthe data. ,
“line-of-sight.” ) .6. Explain how scientists might accurately
3. Egplain how the curvature of the earth affects measure the distance between two points
how far we can see along the earth’s surface. located on different crustal plates.
) \ '
~ .“
- ;l
2
17 - ,
4
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PROCEDURE =
. PART A: How far on theearth can we see from - . . *

-a mountaintop? - .
Materials: none

The Greek mathematician Pythagoras (6th
.Century B.C.), worked out a formula for finding
the length of the sides of all right triangles. (A
right triangle.is one that has one angle of 90°.)
Every right triangle has two sides shorter than the s,
third. Pythagoras said to take each short side,

multlply it by itself, and add these two products

together. The answer will equal the longest

Bide multiplied by |tself

Let's apply Pythagoras idea to our problem with
the mountain. Look at Figure 1. Find right triangle
AUT. Its sides are AT, AU and UT.

' 1. When ydu stand on the surface df the earth,

‘ you are 6400 km from the center®df the earth. How
far are you from the center of the earth if you
stand on a mountaintop that is 2 km above the
surface? km. This is side AT of the

* triangle AUT. < .
2. The other sides of the triangle are AU and UT.
AU is km long.

» . You now Wwant to find out how long UT ls/He
v

is how you do it:

" 3¢ First multiply the length of side AT by itself.
Your answer is .8g km.

4. Second, multiply therlength of side AU by self.

Your answer is 'sq km .
. 5. Now subtract these two numbers Your answer Figure 1. e e
- is 5q km. ) o

8. List some places from which you might

3 N
6« Side UT hhs a’length equal to the square oot of ’
take measurements.

N your answer to question 5. Side UT equals ,
a km. (Round off this number to the nearest : :
ones plage.) This is the answer to the first questnon
in PART A - .

7. XT is twice the length of side UT. Therefore, “ .
the length of XT is km. This Aumber Is the : ) .
distance between two mountains that are 2 km . J . ' )
high, if you could stand on top of one and’just '
barely see the other over the curvature of the ' ‘
earth. The ling XT,4long which you can see, Is | s

called your i f-sight. Finding a-high place from a )
which to o keg'your line-of-sight longer. ’ -

No mountain eartl are hugh enough to enable ., .- p - -
you to see a place which is several thousand
kilometers away. Therefore, you cannot measure
distances across continental plates, or plate o . .
movements, from a mountaintop. You must find & . .

some. new way to make measurements over very . R
long distances. This new way usés points on-  * . . ,
the earth and some other place. : ’

»
. ~ . “ -
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PART B:"How can you tell when the mogn and o 1. Using the meter stick, measure the distance

.
. a point on the earth are closest together? . - along@ch string from your point on the arc
Materials: meter-sticks - to point Y. Record your results below.
Start by measuring something you éan touch ’ ) . . , ’
¥ and see. In or near your classroom, your teacher - ' Ay | By | cy | DY | EY | F-Y | GY
has made a model that looks like Figure 2. . ‘ ?r;‘sé?é‘r‘;‘)* . T
Y represénts the moon and thedetters A, 8,C, ' ‘ - '
,D,’E, F and G are positions on “the rotating earth. N —
P " Notice.the arrows on “the arc. The arrows indicate . . *
the direction that the earth is turning. / : '
. , . . : : . ! -,

Earth's surface

/' 2. Plot the data you collected in question 1 on the

- Figure 2. Earth-moon model. *  ~ - graph below.
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« 3> When'you rioved from A to D, did you move
toward or away from Y (the moon)?
Going from D to G did you move toward or away
from the moon2# .

4. Look at your graph. E§timate the distance *
to Y if you are located between B and C.
m ) *

. .5. Now try fo draw a reasonable line throughrthe

‘points on your graph. You can see that the line is
curved. What best explains why the line is curved?

2
.

"4

hink about the earth and the moon. The earth
- rotates, so a fixed point on,the-earth moves _
bengath the moon. [The moon does move slowly,
but at this moment consider 1t fixed just as Y (the
modn) was fixed.] One moment you are at A
relative to the moon, the next moment at D and
+ third moment at G. How can you tell whep, the
moon and a point on the earth are closest
together? ’

in Table 1 you have been given data to plot

on a graph. Look over this table. This data i3 an
example of the distances to the moon which would
be measured by a laser ranghng station located
on the equator in_South America.. Noticgthat the
earth-moon reiﬁi_Onsmp in Figure 3 1s similar to
what you-measured earlier. N

§

Q ' -7 {

4

) TIME DISTANCE (km)
” " 6am 384,000
: 7 am. 382,344 ™
8 a.m. 380,800
9 a.m. ., 379,475
10 am. 378,458
11 am. 377,818 ©
12 a.m. 377,600 .
Lt 1 p.m. wa 377,818
2 p.m. 378,498
¢ 3 p.m. " 379,475
- 380,800
5 p.m. 382,344
6 p.m. 384,000 -
.T ble 1 Distance f;om d point on the earth’'s
e surface to the moon measured by laser ranging
equipment at a Squgh American laser ranging
station .
Y
- Moon
s
.i

Q) Mendian

Earth rotating

Figure 3. The sketch shows how the point
rotates beneath the moon.

s

i

.




A
Y
382,000 —
v £ e [P , »
x ) . .
.g — ’ ¥y s
<) ! N
£
v 2 380.000
2 ~ . ~
[+
2 = . . /
g ad v
& . $ -
378,000 . e
o ot
7 376000
* 6 7 - 8 9 - 10 1 12 1 2 3 4 5 6 7 8 9 10
. ¥ * .
6. Plot the data from Table 1 on the graph above. 9. How far ddes a point on the earth s surface
Note that a particular point on the earth’s surface, move in 001 second? ~ o
the center of the earth, and the'moon lie on a Distance = rate * time ¢ ' :
straight line only at one particular time during the Rate = 1700 km/hr or about 500 m/sec
day At that time, this point is closer to-the moon Distance = 500 m/sec x 001 sec =
than it 1s at any other time. . m or cmn 10 years, . , '
7. 0n a Pacific 1sland, on the equator, another ——_Cminoneyear. .
cldSs of students i1s doing the same activity. The This 1s about as fast as your toenails grow
moon passes their meridian exactly four hours Do continents drift apart at that rate? A
later Plot the curve of their observations on your Geologists suspect so but they don’t know for sure
— 'graph in question 6. (Plot the same curve, but *  That's why they are tf)’mg the lasér ranging
-~ everything should be moved to the right 4 hours.) experiment . .
Look at Figure 3. Notice the points when the hodn
1s on the mendian. In §outh America the time was *
12 noon, on a Pacific island the time was 4 hours X
later How far is the South American station : e K
from the Pacific island? To answer. this question : : .
we need to know how far a point on the equator . .
rotates in one hour. Astronomers tell us this is
about 1700 km. So the distance from thg South _ _~—* ¥ .. R
Amencan station to the Pacific island %ion v ~ . / ,
/ 15 1700 x 4 = £800 km. . ’
8. Suppose that astronomers continue to make ’ .
this same measurement for ten years. Suppose -
that by ten years later the time difference hetween .
when the moon is on the meridian at the two
locations has become .001 second longer than . A y

four hours. The equipment 1s operating perfectly;
what could account for that difference?
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SUMMARY QUESTIONS s ' 7
1. Explain why geologists cannot measure the 4. The moon is on the meridian at an observatory

{dnstaﬁce between continents by line-of-sight in the Hawaiian Islands at 12.00 noon It is on the
measurements’ . meridian at an observatory in Hong Kong at 6:00 .
o, - - p.m. Ten years-later the time difference is .001
o - "t . second shorter. What do you think is happening?
P’y -
g ,\ ‘ v ) ) . M
¢ 6 - * "
% ¥ '

2. When a pomt on the earth is closest to the

., moon, the moon is on the Y
- 3. If we know the time whe# the moon ls?n-ﬂ’e/
" +* meridian at two locations on the same parallel, ) .
what tan we find? !
l,“ .
R 2 ‘ .
']
: & .
A 4 *
v ’ *
L3

_. Science News, 1974, Tracking the restless crust: -7 .

~ astronomical interferometric earth surveying. : ¢
. v. 106, no 8-and 9 (Aug. 24 and 31), p. 136-137.
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